Abstract. Characterization of users is an important issue in the design and maintenance of websites. Analysis of the data from the World Wide Web faces certain challenges that are not commonly observed in conventional data analysis. The likelihood of bad or incomplete web usage data is higher than in conventional applications. The clusters and associations in web mining do not necessarily have crisp boundaries. Researchers have studied the possibility of using fuzzy sets for clustering of web resources. This paper presents clustering using a fuzzy c-means algorithm, on secondary data consisting of access logs from the World Wide Web. This type of analysis is called web usage mining, which involves applying data mining techniques to discover usage patterns from web data. The fuzzy c-means clustering was applied to the web visitors to three educational websites. The analysis shows the ability of the fuzzy c-means clustering to distinguish different user characteristics of these sites.
Introduction
Clustering analysis is an important function in web usage mining, which groups together users or data items with similar characteristics. Clusters tend to have fuzzy or rough boundaries. Joshi and Krishnapuram [1] argued that the clustering operation in web mining involves modeling an unknown number of overlapping sets. They used fuzzy clustering to cluster web documents. Lingras [4] applied the unsupervised rough set clustering based on GAs for grouping web users of a first year university course. He hypothesized that there are three types of visitors: studious, crammers, and workers. Studious visitors download notes from the site regularly. Crammers download most of the notes before an exam. Workers come to the site to finish assigned work such as lab and class assignments. Generally, the boundaries of these clusters will not be precise. The present study applies the concept of fuzzy c-means [2, 3] to the three educational websites analyzed earlier by Lingras et al. [6] . The resulting fuzzy clusters also provide a reasonable representation of user behaviours for the three websites.
Fuzzy C-Means
Cannon et al. [2] described an efficient implementation of an unsupervised clustering mechanism that generates the fuzzy membership of objects to various clusters. The objective of the algorithm is to cluster n objects into c clusters. Given a set of unlabeled patterns :
where n is the number of patterns, and s is the dimension of pattern vectors (attributes). Each cluster is representated by the cluster center vector V. The FCM algorithm minimizes the weighted within group sum of the squared error objective function J(U,V):
where U represents the membership function matrix; ik u is the elements of Step 2: Based on V, the membership of each object s U is calculated as:
Step 3: Increment s by one. Calculate the new cluster center vector
Step 4: Compute the new membership s U using the equation (2) in step 2.
Step 5: If
, then stop, otherwise repeat step 3, 4, and 5.
Study Data and Design of the Experiment
The study data was obtained from web access logs of three courses. These courses represent a sequence of required courses for the computing science programme at Saint Mary's University. The first and second courses were for first year students. The third course was for second year students. Lingras [4] and Lingras and West [5] showed that visits from students attending the first course could fall into one of the following three categories:
1. Studious: These visitors download the current set of notes. Since they download a limited/current set of notes, they probably study class-notes on a regular basis. 2. Crammers: These visitors download a large set of notes. This indicates that they have stayed away from the class-notes for a long period of time. They are planning for pretest cramming. 3. Workers: These visitors are mostly working on class or lab assignments or accessing the discussion board.
The fuzzy c-means algorithm was expected to provide the membership of each visitor to the three clusters mentioned above. Data cleaning involved removing hits from various search engines and other robots. Some of the outliers with large number of hits and document downloads were also eliminated. This reduced the first data set by 5%. The second and third data sets were reduced by 3.5% and 10%, respectively. The details about the data can be found in Table 1 
4
Results and Discussion Table 2 shows the fuzzy center vectors for the three data sets. It was possible to classify the three clusters as studious, workers, and crammers, from the results obtained using the fuzzy c-means clustering. The crammers had the highest number of hits and class-notes in every data set. The average numbers of notes downloaded by crammers varied from one set to another. The studious visitors downloaded the second highest number of notes. The distinction between workers and studious visitors for the second course was based on other attributes. It is also interesting to note that the crammers had a higher ratio of document requests to hits. The workers, on the other hand, had the lowest ratio of document requests to hits. Table 3 shows the cardinalities of sets with fuzzy memberships greater than 0.6. The choice of 0.6 is somewhat arbitrary. However, a membership of 0.6 (or above) for a cluster indicates a stronger tendency towards the cluster. The actual numbers in each cluster vary based on the characteristics of each course. For example, the first term course had significantly more workers than studious visitors, while the second term course had more studious visitors than workers. The increase in the percentage of studious visitors in the second term seems to be a natural progression. Similarly, the third course had significantly more studious visitors than workers. Crammers constituted less than 10% of the visitors.
The characteristics of the first two sites were similar. The third website was somewhat different in terms of the site contents, course size, and types of students.
The results discussed in this section show many similarities between the fuzzy cmeans clustering for the three sites. The differences between the results can be easily explained based on further analysis of the websites. It is interesting to see that the fuzzy c-means clustering captured the subtle differences between the websites in the resulting clustering schemes. The clustering process can be individually fine-tuned for each website to obtain even more meaningful clustering schemes.
Summary and Conclusions
This paper described an experiment for clustering web users, including data collection, data cleaning, data preparation, and the fuzzy c-means clustering process. Web visitors for three courses were used in the experiments. It was expected that the visitors would be classified as studious, crammers, or workers. Since some of the visitors may not precisely belong to one of the classes, the clusters were represented using fuzzy membership functions. The experiments produced meaningful clustering of web visitors. The study of variables used for clustering made it possible to clearly identify the three clusters as studious, workers, and crammers. There were many similarities and a few differences between the characteristics of clusters for the three websites. These similarities and differences indicate the ability of the fuzzy c-means clustering to incorporate subtle differences between the usages of different websites.
